Anorthite - Diopside System 


Fractional Crystallization 
Tr C 


(Batch Fractionation) 


CaAl,Si,0, Calg.SI,0. 
For Fractional crystallization the bulk composition of the 
system changes. i.e. the final composition and the 


starting composition are not the same. 
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¢ Assimilation occurs 
when a hot magma Z 
melts and - 
incorporates more 
felsic surrounding 
country rock 


Xenolith 
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Examples of Assimilation 


For a basaltic liquid assimilating a granitic solid consisting of quartz, feldspar 
(plagioclase and alkali feldspar and biotite. Q, F and B will be melted, the heat 
for melting comes from the heat generated by the crystallization of olivine and 
pyroxene from the liquid, not from the temperature of the basaltic liquid. 


The granite inclusions will not be completely melted ===> partial melting. 
The end result is a basaltic andesite with inclusions of chewed up, partially 
digested granitic material. 


For the reverse process where granitic liquid incorporates basalt, the anhydrous 
minerals in the basalt (olivine, pyroxene and plagioclase) become altered to 
micas, amphiboles and epidote by the addition of H20. 


The heats of crystallization of quartz, feldspar and biotite from a granitic liquid are 
not large enough to melt the basalt inclusions, resulting in very minor changes 
in the original liquid composition. The result is a granite with amphibolite 
inclusions. 


Any changes caused by assimilation and hybridization are dependant on the 
nature of the inclusions and the nature of the magmatic liquid into which the 


inclusions are emplaced. 
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¢ Magma mixing 
involves the 
mixing of more 
and less mafic 
magmas to produce 
one of intermediate 
composition 
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Silicic magma 
moving slowly 
upward 


Mafic magma 
moving rapidly 
upward 


Magmas 
begin 
to mix 


intermediate 
magma 
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Types of Igneous Analysis 


MODAL ANALYSIS 


Two types of analysis are useful when examining Igneous Rocks: 
1.Modal analysis - requires only a thin section, 
2.Normative analysis - requires a chemical analysis. 


MODAL ANALYSIS 


Produces an accurate representation of the distribution and volume 
percent of the mineral within a thin section. Three methods of analysis 
are used: 

1.Measure the surface area of mineral grains of the same mineral, 
relative to the total surface area of the thin section. 

2.Measure the intercepts of each mineral along a series of lines. 
3.POINT COUNT - Count each mineral occurrence along a series of 
traverse line across a given thin section. For a statistically valid result > 
2000 individual points must be counted. 

The number of grains counted, the spacing between points and 
successive traverse lines is dependant on the mean grain size of the 
sample. 


Advantages 

One can compare rocks from different areas if you only have a thin 
section, no chemical analysis is required, using a petrographic 
microscope. 

Gives the maximum and minimum grain sizes. 


Disadvantages 

Meaningless if the sample has a preferred orientation of one or 
more minerals. 

Porphyritic rocks are difficult to count. 

Total area of sample must be sufficiently larger than the max. 
diameter of the smallest grain size. 
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NORMATIVE ANALYSIS OR NORM 


Normative analysis is defined as the calculation of a theoretical assemblage of standard 
minerals for a rock based, on the whole rock chemical composition as determined by 
analytical techniques. The original purpose for the norm was essentially taxonomic. An 
elaborate classification scheme based on the normative mineral percentages was 
proposed. The classification groups together rocks of similar bulk composition 
irrespective of their mineralogy. Various types of NORMs have been proposed - CIPW, 
Niggli, Barth. Each of theses proposals has its own specific advantages and/or 
disadvantages. 


The CIPW norm, originally proposed in 1919, was proposed as a means of comparing and 
classifying all igneosu rocks for which chemical analyses wers available. The NORM 
takes it’s name from the four authors who proposed it - Cross, Iddings, Pirsson 
and Washington. This NORM was very elegant and based on a number of 
simplifications: 

1.The magma crystallizes under anhydrous conditions so that no hydrous minerals 
(hornblende, biotite) are formed. 

2.The feromagnesium minerals are assumed to be free of Al,O;3. 

3.The Fe/Mg ratio for all feromagnesium minerals is assumed to be the same. 

4.Several minerals are assumed to be incompatible, thus nepheline and/or olivine never 
appear with quartz in the norm. 

Since the CIPW NORM was introduced in 1919 several other normative calculations have 
been suggested, e.g. Niggli norm, Barth mesonorm. The latter is used commonly when 
examining granitic rocks. 


Classification based on chemistry 


Rock Classification (Silica saturation) 


«Oversaturated - contains primary silica mineral 
«Saturated - contains neither quartz nor an unsaturated mineral 
«Unsaturated - contains unsaturated minerals 


Al203 Saturation 


Four subdivisions of rocks independant of silica saturation, based on the 
molecular proportions of Al203, Na20, K20 and CaO applied mainly to 
granitic lithologies. 


Peraluminous - Al202 > (Na2O0 + K20 + CaO) 

Metaluminous - Al203 < (Na20 + K20 + CaO) but Al203 > (Na20 + K20) 
Subaluminous - Al203 = (Na2O + K20) 

Peralkaline - Al203 < (Na20 + K20) 
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Silica Saturation 


Incompatible Phases 


Under magmatic conditions some minerals react with free silica to form 
other (more silica-rich) minerals. These reactant minerals are said to be 
undersaturated (with respect to SiO2). Other minerals are stable (can 
coexist) with free silica (generally in the form of quartz) and are said to be 
saturated (with respect to SiO2). 


Typical reactions are: 


*2Si0, + NaAISiO, 
quartz + nepheline 
*2Si0, + KAISIO, 
quartz + kalsilite 

*SiO, + KAISIO, 

quartz + kalsilite 

“SiO, + Mg,siO, 
quartz + Mg-rich olivine 


> NaAlSi,O, 
a en 
ee eee KAISI30, 
=======> orthoclase 
eee ee KAISi,O, 
Ssssos=> loucts 
a ne 2MgSsiO, 
=======> enstatite 


¢ Oversaturated: Are rocks containing quartz. 
¢ Saturated: Are rocks which do not contain either quartz or feldspathoids. 
¢ Undersaturated: Are rocks which contain feldspathoids (no quartz). 


Saturated Undersaturated 
Feldspars Nepheline, Leucite, Sodalite 
Fayalitic olivine Forsteritic olivine 


Al- and Ti-poor Cpx Al and Ti-rich Cpx 

Most amphiboles Kaersutite, Barkevikite 
Spessartine and almandine garnets | Melanite garnet 
Zircon Meeliilite, lots of apatite 

Sphene si Perovskite 
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Concept of Al203 saturation: 


This concept is based on comparing the mole 
proportions (mole proportion = weight% of 
oxide/molecular weight of this oxide) of the 
alkalis to alumina in a rock. 


Igneous rocks are subdivided into three big 
groups according to this classification: 


Chemical characteristics Modal minerals | Normative 
minerals 
Peraluminous AlzO3 > Na2zO + K20 + CaO Corundum, Corundum 
Andalusite, 
Spessartine, 
almandine, 
Topaz, 


Muscovite, 
Tourmaline 


Metaluminous K20 + Na2O + CaO > AlzO3 > Na2O | Feldspars + most An + Di 
+ K2O Cpx 


Peralkaline K20 + Na2O > AlzO3 Aegirine, Aegirine 
Riebeckite, (Ac), 
Arfvedsonite, Na- 
Aenigmatite metasilicate 


